The colonial growth of Bacillus subtilis vegetative and spore cells was evaluated by determining the time course of the growth heat changes (growth thermogram) with a microbial calorimeter. The actual heat evolution curve (f (t) curve) obtained from the thermogram was in good agreement with the viable cell number changes. From the logarithmic f (t) curve, the exponential growth phase was estimated to be the period of between 31 and 35 h after inoculation and the growth rate constant (12') was 0.36 h-1. The f (t) curve was also obtained from the thermogram of the spore cells. The starting time of growth of the spore cells was 9 h later than that of the vegetative cells. This period corresponded to the germination period. The growth profile after germination was almost similar to that of the vegetative cells. The suppressive activities of sucrose monopalmitate (SMP) against the vegetative and spore cells were evaluated by the f (t) curves. Our results show that SMP inhibited metabolic inductions during the lag phase of the vegetative cells and the germination of the spore cells. Microbial calorimetry is a method suitable for non-destructive growth measurements of microbial colonies on the surface of a solid medium.
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INTRODUCTION
Bacteria in food have been observed to grow in the form of colonies. Frost (1988a, 1988b) observed this phenomenon on chicken and pork/beef muscle surfaces inoculated with various food-borne bacterial pathogens. The structure of some food can result in bacterial cells becoming immobilized within or on the surface of the food matrix and in this case the stresses imposed on these bacteria would be different from those encountered in a well-mixed liquid culture.
The study of bacterial colonial growth within or on the surface of a solid medium, as opposed to traditional liquid culture, should provide a model system more representative of the food environment. Such a model system should allow elucidation of the fundamental nature of colonial growth. A greater understanding of the growth kinetics of bacterial colonies may lead to a better control of food-borne bacterial pollution and pathogens and an improvement in food product safety. Pirt (1967) studied the growth kinetics of colonies of Escherichia coli, Klebsiella aerogenes and Enterococcus faecalis and observed that the radial growth for all three organisms were during the period between 12 and 24 h after inoculation, although a gradual decline in radial growth rate was observed after 24 h. Lewis and Wimpenny (1981) observed that the radial growth rate of E. coli colonial growth was linear and that vertical growth rate was also approximately linear, especially in the early growth period, and conditions favoring rapid growth led to faster radial growth rather than vertical growth. Hammonds and Galliford (1991) observed that the growth of E. coil colonies was exponential after an initial lag phase when expressed in terms of colony area. For the above-mentioned methods, a target colony must be selected as representative based on the average area of many colonies, and/or colonial growth must be determined by microscopic observation with considerable difficulties in obtaining quantitative measurements.
Many calorimetric studies have been done on microbial systems to obtain quantitative information about their biochemical and physiological activities (Belaich, 1980; Lamprecht, 1980; Newell, 1980) . One application of microbial calorimetry is the kinetic analysis of growth thermograms (Itoh and Takahashi, 1984) . The method is quite useful for determining the colonial growth profiles of microbes on the surface of a solid and complex medium. Goto and Takahashi (1985) measured the decomposition of various foods by contaminants and evaluated their perishability using a microbial calorimeter. Koga et al. (2004) evaluated the growth activity of E. coli and Staphylococcus aureus colonies on solid medium using a microbial calorimeter.
Spore-forming bacteria such as Bacillus sp. and Clostridium sp. have a potent heat resistance and cause the microbial spoilage of food products. Faille et al. (2001) pointed out that paying attention to these bacteria is of importance in the milk industry where they can survive even after the heat treatment process. Bacillus species are, indeed, frequently isolated from various heat-treated milk products such as pasteurized milk, UHT-processed milk, milk powder, cheese and yoghurt (Helmy, 1984) .
In nature, Bacillus species usually exist, germinate and form colonies on a solid surface such as the surface of dead grass. One of them is termed "Koso-kin" in Japanese, which indicates this phenomenon. In the food industry, some Bacillus species are able to produce highly hydrophobic spores (Wiencek et al. 1990 ) able to adhere firmly to various inert solid surfaces such as those found during food processing (stainless steel and polymers) (Husmark and Ronner 1992) . Once this first step of adhesion to solid surfaces has been , completed, colonization may occur when environmental conditions become favorable to spore germination. Bacillus species have been found to be involved in biofilm formation in different dairy processes (Flint et al. 1997 Figure 3 shows the process of colony formation by B. subtilis on BS agar medium under the same culture conditions used for the calorimetric evaluations, compared with the f (t) curve.
Till 24 h after inoculation, no colony on the surface of BS agar medium was observed. At 31 h after inoculation, some small sized colonies were observed. During the incubation period between 31 h and 37 h, the numbers and size of the colonies increased. This period almost overlapped with the exponential phase. During the later part of the growth curve (between 37 h and 48 h), although the size of the colonies increased, the colony profiles on BS agar medium were almost similar in spite of the continued growth heat evolution.
Microscopic Observation of Colonial Growth During colonial growth, microbial cells in the colony were suspended into saline and immediately observed by microscopy. In Fig. 4 , the cells sampled at 37, 65 and 96 h after incubation are shown, and compared with the f (t) curve.
An incubation time of 37 h corresponds to the period after the exponential growth phase, and that of 65 h corresponds to the period after the colonial growth. The microbial cells in the colony sporulated between 65 and 96 h. Usually, the cells in the colony are considered to be in an unsuitable environment for proliferation because they can obtain neither oxygen nor nutrients easily. However, almost all cells after the exponential growth or the colonial growth were vegetative cells. The results may indicate that the characteristic structure of colony works for the proliferation of the cells in the colony, as pointed out by Shapiro (1998 cerin monostearate had no bacteriostatic effects (Suwa et al., 1988) . SMP may have some other specific characteristics that work against the metabolic induction before beginning the growth of B. subtilis. More studies are necessary regarding this. From the present study, we confirmed that microbial calorimetry can quantitatively evaluate the colonial growth activity of spore-forming bacteria that are heat resistant and the main causes of food spoilage, and is also useful for quantitatively evaluating the antimicrobial activities of food preservatives.
